Abstract. Diagnosis codes are extracted from medical records for billing and reimbursement and for secondary uses such as quality control and cohort identification. In the US, these codes come from the standard terminology ICD-9-CM derived from the international classification of diseases (ICD). ICD-9 codes are generally extracted by trained human coders by reading all artifacts available in a patient's medical record following specific coding guidelines. To assist coders in this manual process, this paper proposes an unsupervised ensemble approach to automatically extract ICD-9 diagnosis codes from textual narratives included in electronic medical records (EMRs). Earlier attempts on automatic extraction focused on individual documents such as radiology reports and discharge summaries. Here we use a more realistic dataset and extract ICD-9 codes from EMRs of 1000 inpatient visits at the University of Kentucky Medical Center. Using named entity recognition (NER), graph-based concept-mapping of medical concepts, and extractive text summarization techniques, we achieve an example based average recall of 0.42 with average precision 0.47; compared with a baseline of using only NER, we notice a 12% improvement in recall with the graph-based approach and a 7% improvement in precision using the extractive text summarization approach. Although diagnosis codes are complex concepts often expressed in text with significant long range non-local dependencies, our present work shows the potential of unsupervised methods in extracting a portion of codes. As such, our findings are especially relevant for code extraction tasks where obtaining large amounts of training data is difficult.
Introduction
Extracting codes from standard terminologies is a regular and indispensable task often encountered in medical and healthcare fields. Diagnosis codes, procedure codes, cancer site and morphology codes are all manually extracted from patient records by trained human coders. The extracted codes serve multiple purposes including billing and reimbursement, quality control, epidemiological studies, and cohort identification for clinical trials. In this paper we focus on extracting international classification of diseases, clinical modification, 9th revision (ICD-9-CM) diagnosis codes from electronic medical records (EMRs), although our methods are general and also apply to other medical code extraction tasks.
Diagnosis codes are the primary means to systematically encode patient conditions treated in healthcare facilities both for billing purposes and for secondary data usage. In the US, ICD-9-CM (just ICD-9 henceforth) is the coding scheme still used by many healthcare providers while they are required to comply with ICD-10-CM, the next and latest revision, by October 1, 2014. Regardless of the coding scheme used, both ICD code sets are very large, with ICD-9 having a total of 13,000 diagnoses while ICD-10 has 68,000 diagnosis codes [1] and as will be made clear in the rest of the paper, our methods will also apply to ICD-10 extraction tasks. ICD-9 codes contain 3 to 5 digits and are organized hierarchically: they take the form abc.xy where the first three character part before the period abc is the main disease category, while the x and y components represents subdivisions of the abc category. For example, the code 530.12 is for the condition reflux esophagitis and its parent code 530.1 is for the broader condition of esophagitis and the three character code 530 subsumes all diseases of esophagus. Any allowed code assignment should at least assign codes at the category level (that is, the first three digits). At the category levels there are nearly 1300 different ICD-9 codes. In our current work, we only work on predicting the category level codes. That is, if the actual code is abc.xy, our methods will only be able to generate abc as the correct category code.
The process of assigning diagnosis codes is carried out by trained human coders who look at the entire EMR for a patient visit to assign codes. Majority of the artifacts in an EMR are textual documents such as discharge summaries, operative reports, and progress notes authored by physicians, nurses, or social workers who attended the patient. The codes are assigned based on a set of guidelines [2] established by the National Center for Health Statistics and the Centers for Medicare and Medicaid Services. The guidelines contain rules that state how coding should be done in specific cases. For example, the signs and symptoms (780-799) codes are often not coded if the underlying causal condition is determined and coded.
In this paper we propose an unsupervised ensemble approach to extract ICD-9 codes and test it on a realistic dataset curated from the University of Kentucky Medical Center. Our approach is based on named entity recognition (NER), knowledge-based graph mining, and extractive text summarization methods. We emphasize that automatic medical coding systems, including our current attempt, are generally not intended to replace trained coders but are mainly motivated to expedite the coding process and increase the productivity of medical record coding and management. Hence we take a recall oriented approach with a lesser emphasis on precision. In the rest of the paper, we first discuss related work and the context of our paper in Section 2. We describe our dataset
